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a b s t r a c t
Dwelling and neighbourhood characteristics associated with the prevalence of self-reported heat-
induced adverse health effects are not well known. We interviewed 3485 people in the most
disadvantaged neighbourhoods of the nine largest cities in Québec, Canada. The prevalence of heat-
induced adverse health effects was 46%, out of which one fourth led to medical consultation.
Multivariate analyses showed that dissatisfaction with the summer dwelling temperature, which refers
to home heat exposure, and perception that the neighbourhood is polluted due to trafﬁc, were
determinant, even after adjusting for current health status. These risk indicators can be used to identify
subgroups at high risk and as priority-setting criteria for urban renewal programs for the hotter climate
to come.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background
According to the most recent report of the Intergovernmental
panel on climate change (IPCC), the number of hot days and nights
will almost certainly continue to increase (99–100% probability)
worldwide between now and the end of the 21st century (Inter-
governmental panel on climate change, 2013). Also, the duration,
frequency and/or intensity of the hot periods or heat waves will very
probably continue to increase (probability of 95–100%).
Currently, climate change is already exacerbating health problems
by increasing the risks of injury, disease and death caused by intense
heat episodes (Intergovernmental Panel on Climate Change, 2014).
Globally, according to the IPCC, over the 21st century the
magnitude and severity of negative impacts are projected with a
high level of conﬁdence to increasingly outweigh positive impacts.
This particularly affects vulnerable populations, including the most
disadvantaged living in an urban environment (Reid et al., 2009).
Risks are ampliﬁed by poor-quality dwellings often in heat exposed
zones, as well as by lack of infrastructure (such as parks, pools) and
essential services (Harlan et al., 2006; Oikonomou et al., 2012), such
as medical services. However, information on dwelling and neigh-
bourhood characteristics leading to greater vulnerability of experi-
encing adverse health effects associated with heat exposure is often
lacking. In Québec, as elsewhere in Canada and in many countries,
poverty is concentrated in certain areas of large urban centres
(Canadian Council on Social Development, 2007; Conference Board
of Canada, 2012), and these areas generally correspond to the most
disadvantaged census dissemination areas (DAs) (Statistics Canada,
2012). Finally, these areas tend to be subject to higher average
temperatures compared to more afﬂuent neighbourhoods, because
they are often located within intra-urban thermal islands, where
there is insufﬁcient green space (Mitchell and Popham, 2008). In
Québec, it can be said that the more disadvantaged the DA, the
smaller the green spaces, and the greater the distance and length of
time to reach these cooler green spaces from one's place of
residence (Ngom et al., 2013).
Contents lists available at ScienceDirect
journal homepage: www.elsevier.com/locate/healthplace
Health & Place
http://dx.doi.org/10.1016/j.healthplace.2014.12.014
1353-8292/& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Abbreviations: CAD, Canadian dollar; CI, conﬁdence interval; CV, coefﬁcient of
variation; DA, census dissemination areas (smallest published unit); Dx, medical
diagnosis; HLM, low-rent subsidised housing; OR, odds ratio
n Corresponding author at: Ouranos and Institut National de Santé Publique du
Québec (INSPQ), 945, Avenue Wolfe, Québec, Canada G1V 5B3.
Tel.: þ1 418 650 5115x5205; fax: þ1 418 654 3144.
E-mail addresses: diane.belanger@ete.inrs.ca (D. Bélanger),
pierre.gosselin@inspq.qc.ca (P. Gosselin), pierre.valois@fse.ulaval.ca (P. Valois),
belkacem.abdous@fmed.ulaval.ca (B. Abdous).
1 Tel.: þ1 418 654 4677.
2 Tel.: þ1 418 656 2131x2070.
3 Tel.: þ1 418 656 2131x4214.
Health & Place 32 (2015) 8–18
Factors inﬂuencing indoor temperatures are also important to
consider, as the variation between dwellings during periods of hot
weather is substantial (Mavrogianni et al., 2012; Oikonomou et al.,
2012). Between-dwelling differences would even be generally
greater than those resulting from the impact of the urban heat
island. For example, top apartments with all openings on the same
side of the building (and thus no possibility of cross ventilation) and
without roof insulation tend to give the highest internal tempera-
tures (Oikonomou et al., 2012), while insulation interventions
appear to reduce them (Oikonomou et al., 2012; Porritt et al.,
2011, 2012). Furthermore, having one's bedrooms under the roof
(Vandentorren et al., 2006), and living on the upper ﬂoors of an
apartment building (McGeehin and Mirabelli, 2001; Semenza et al.,
1996) and living in a poorly insulated dwelling (Vandentorren et al.,
2006) are associated with heat-related health effects.
Although various protocols on indoor temperatures exist, to date
no universal measurement has been agreed on (Anderson et al.,
2013). As an alternative method to traditional ambient-temperature
measuring techniques, Ormandy and Ezratty (2012) describe the
perception approach as a proxy for thermal comfort, which seems a
promising technique with the potential to add value to housing and
health studies (Anderson et al., 2013). It was thus found that, after
adjustment for age, sex, socioeconomic status and smoking, self-
reported poor health was associated signiﬁcantly with poor thermal
comfort, inadequate weatherprooﬁng and mould and/or dampness
problems (Ezratty et al., 2009; Ormandy and Ezratty, 2012). Similar
results were also observed for speciﬁc diseases, after adjustment for
relevant characteristics.
The perception approach has advantages, since an individual’s
perception will include taking into account a wide range of factors,
in particular those that are difﬁcult to measure directly and that
may contribute to thermal comfort (e.g., vertical and horizontal
temperature gradients within a room at any one time and varia-
tions of the ambient temperature from room to room within a
dwelling; Ormandy and Ezratty, 2012). Broadening of the percep-
tion approach to aspects of the living environment other than the
indoor temperature of the dwelling could therefore be useful in
monitoring groups of individuals most vulnerable to very hot and
humid summer conditions.
In line with the objective of this study, we report here the
characteristics and perceptions related to dwelling and neighbour-
hood of residence, adjusted for health variables, which have an
impact on the prevalence of self-reported adverse health effects
associated with summertime heat among residents of the
most disadvantaged neighbourhoods of the nine largest cities of
Québec, Canada.
2. Methodology
This is a cross-sectional study using a stratiﬁed sample con-
ducted in 2010–2011 in the most disadvantaged DAs in Québec
cities of 100,000 inhabitants or more (nine cities). An approval was
granted from the Centre hospitalier universitaire de Québec's
research ethics committee. A detailed informed consent, approved
by the ethics committee, was signed by each participant before
beginning the interviews.
2.1. Population studied and sample
The choice of the most populated cities was justiﬁed by the
large and signiﬁcant urban heat islands that result from the high
population density found in urban environments as compared to
rural or semi-urban regions (Luber and McGeehin, 2008).
To produce representative samples for each of these cities, we
used a two-step selection procedure similar to that proposed by
Vallée et al. (2007). The ﬁrst step established the number of highly
materially and socially disadvantaged DAs corresponding to quintile
5 of a widely used Canadian deprivation index (Pampalon and
Raymond, 2000) and including at least one public low-rental-
housing building. This ﬁrst step also established the number of
households to be surveyed in both low-rental and other types of
housing. Total numbers for the DAs and households throughout the
nine cities being quite different, we used two sampling weights to
compensate for possible over- or under-representation of DAs and
households. DAs were selected on a non-random basis, while house-
holds were randomly selected within given DAs. More precisely,
within each city, DAs have been sampled in such a way that the
sampling and the population distributions of age and sex variables
are as close as possible. The second step randomly identiﬁed the
households to be visited within the selected DAs. One person per
household was interviewed. All the respondents were 18 years of age
or older, could converse in French or English, and were responsible
for the household from the standpoint of care or family support. For
households with more than one responsible person, the person with
the most recent birthday was chosen. In the study, these households
corresponded to 630 postal codes located for the most part in intra-
urban heat islands (66%) or less than 50 m from a heat island (32%)
(for more details see Bélanger et al., 2013).
In total, 3485 people were interviewed from December 21,
2010, to December 20, 2011. Of these individuals, 1729 lived in
low-rent housing, and 1756 did not. The response rate was 19%.
The response rate by question was also considered to be another
measure of the survey response rate (Statistics Canada, 2011) and
was at least 95% for more than 9 questions out of 10.
2.2. Recruitment of participants
A short invitation letter regarding study participation was sent
to all randomly selected households on behalf of the Institut
national de santé publique du Québec. After a 7 to 10 day time
period, households were contacted by telephone by a survey ﬁrm
to set up an appointment. When telephone contact could not be
established, interviewers went on-site to leave an invitation in the
mailbox or to personally invite the sampled households.
2.3. Data collection
Data were collected by 21 interviewers previously trained over
two days by the researchers and the market research ﬁrm. The
training in particular allowed room for specifying the context of
each question and the manner inwhich to answer questions related
to the buildings, using simulations. After training, these inter-
viewers conducted computer-aided face-to-face interviews lasting
54 min on average, including the informed consent form. Each
participant received $10 Canadian dollars as payment for their time.
Data was collected by means of a questionnaire (basically closed-
ended questions) prepared from a review of the literature on health
and climate change. The questionnaire was mostly constructed using
previously validated measurements at the population levels in the
following population survey questionnaires: Census 2006 long form
questionnaire (Statistics Canada, 2006a), Canadian Community Health
Survey 2007 questionnaire (Statistics Canada, 2007a), Longitudinal
Survey of Immigrants to Canada 2005 questionnaire (Statistics Canada,
2005), Participation and Activity Limitation Survey 2006 question-
naire (Statistics Canada, 2006b), Households and the Environment
Survey 2007 Questionnaire (Statistics Canada, 2007b), Housing in
England 2005/2006 questionnaire (Department for Communities and
Local Government, 2007), and the Questionnaire of the Study on Heat-
waves in Meridional Québec (Bélanger et al., 2006). Six partner
institutions in the project and ﬁve experts working in the health
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and climate change ﬁeld in Canada commented on a preliminary
version of the questionnaire.
Furthermore, two pretests were conducted before data collec-
tion on 60 people. The ﬁrst one was to verify the understanding and
clarity, as well as to allow analysis of the psychometric qualities of
the measurement scales by using item response theory (Thissen et
al., 1988). All measurement scales used in the study, including scales
of the dependent variables, scored as acceptable (53%), good (28%)
or excellent (19%) (George and Mallery, 2003; Gliem and Gliem,
2003). The examination of the items' characteristic curves also
revealed that the scale items did measure the survey constructs
very well, which was conﬁrmed by the qualitative analysis of
interviewees' comments. The second pretest veriﬁed the duration
of the questionnaire, its ﬂuidity and logic organisation (e.g., ﬁlter
questions). The 60 people involved in the pretests were excluded
from the sample (because of their experience of the questionnaire).
2.4. Measures
2.4.1. Dependent variables
The ﬁrst dependent variable was the measurement of self-
reported adverse health effects (i.e., two questions regarding
physical and mental health, respectively) during very hot and
humid summer conditions. This variable was based on the per-
ceived overall state of health in such a context as a proxy variable.
The “perceived health effects” is a reliable and valid subjective
measurement, which can reﬂect certain health aspects difﬁcult to
identify clinically (e.g., ﬁrst stage of a disease) and is often more
effective than clinical measures for predicting help-seeking beha-
viours and health services use (Bowling, 2005; Broemeling et al.,
2007; Kenny et al., 2010; Statistics Canada, 2010).
The preamble and questions were based on similar ones used
in the Canadian Community Health Survey since 2001 (Statistics
Canada, 2007a, 2010). More speciﬁcally, the respondents were
asked if “their physical health was negatively affected when it’s
very hot and humid in the summer”; the same question with
“mental health” replacing “physical” was also asked. The risk
group consisted of participants who reported their physical and/
or mental health as moderately or greatly adversely affected by
very hot and humid weather conditions (vs. slightly or not at all).
The second dependent variable estimated was the proportion
of this risk group that had to consult a health professional due to
their heat-related effects (vs. no).
2.4.2. Independent variables
In the study, the choice of risk indicators considered as
independent variables of the prevalence of self-reported adverse
health effects was based on the scientiﬁc literature on human
health and oppressive heat. According to Kovats and Hajat (2008),
these indicators belong to three groups. The ﬁrst group consisted
of the risk indicators that can have an impact on exposure (e.g., the
temperature inside the dwelling). The second group involved
the states or conditions that produce increased heat sensitivity
(e.g., state of health), while the third group involved access to
treatment (e.g., reduced mobility). In this article, the risk indica-
tors essentially involve the ﬁrst group, namely the dwelling's
characteristics, the level of satisfaction about certain aspects of
the dwelling, common areas, and the management of the building
shared with other households, if applicable, as well as perceptions
and opinions related to the neighbourhood. A few individual
variables (e.g., age, state of health) associated with heat-related
health effects (Basu and Samet, 2002; Lundgren and Jonsson,
2012) were also considered as potentially confounding variables.
2.5. Statistical analysis
The data were weighted sequentially according to the weight of
the DA, age and sex, in order to ensure calibration of the survey
frequencies; we used a procedure similar to that proposed by
Vallée et al. (2007). The analyses, carried out using the survey
procedures in SAS 9.3, take these weights into account in the same
way the sampling plan is stratiﬁed according to the municipalities.
The low percentages of missing data were not considered in the
analyses. The “do not know” or “not relevant” were, however,
considered using a stratum (shown in the tables) when the
proportion of respondents for the variable was greater than 5%.
The 95% conﬁdence intervals (CI) and coefﬁcients of variation
(CV) were calculated in order to express either the precision of a
given estimation or its relative precision. In this article, all the
estimates had CVs below 15% (not reported in the tables for
concision); they were therefore considered as being sufﬁciently
precise (Institut de la statistique du Québec, 2001).
The statistical judgment associated with the percentage and
average-number comparisonswas based, respectively, on the Chi square
test and the F test or the t test. In the multivariate analysis, generalised
estimating equations (GEE)methods (Liang and Zeger,1986) and logistic
regression were used. An ascending stepwise regression procedure
made it possible to identify the main independent variables statistically
associated in bivariate analyses with the two dependent variables. We
started with variables related to dwelling and neighbourhood, followed
by potentially confounding variables from the literature.
The correlation (rZ0.6) between these variables (taken two at a
time) was veriﬁed by means of tetrachoric (binary variables) or
polychoric (variables with at least 3 strata) correlation coefﬁcients. To
take these situations of interaction into account, dummy variables were
used for 2 confounding variables. No statistically signiﬁcant interactions
were observed (p o0.05) with the variables related to the dwelling or
the neighbourhood. The C index is presented to give an idea of a
model's discriminant capacity; the expected value is between 0.5 (the
model does not discriminate) and 1.0 (it discriminates perfectly). The
statistical rejection threshold retained is αr0.01, due to the high
number of respondents and the many comparisons. All of these
analyses were carried out with the prevalence of health effects,
regardless of whether they prompted the respondent to consult a
health professional or not. The resulting multivariate models were then
applied to the prevalence of health effects that had led to a consultation.
3. Results
Among the 3485 respondents living in the very disadvantaged
DAs of the nine most populated cities in Québec, the prevalence of
perceived health effects during very hot and humid summer
conditions was 46.0% (CI:44.2–47.8), that is to say that 46% of
respondents reported their health as adversely affected by very
hot and humid summer conditions, mostly through physical
health effects. The prevalence of effects that led to a health
professional being consulted was 11.9% (CI:10.7–13.0), which was
the treating physician for 3 consultations out of 4.
3.1. Bivariate analyses
3.1.1. Characteristics of the dwelling and perceptions about it
The prevalence of health effects during very hot and humid summer
conditions was higher among renter-respondents than among owner-
respondents (Table 1). It was also higher in the HLM (low-rent housing)
context, where all dwellings were rented, as compared with the non-
HLM context, where 20% of dwellings were owner occupied.
The prevalence of health effects was higher for respondents
reporting that their dwelling needed maintenance or repairs
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compared with respondents who considered their dwelling to be in
good condition. It was also higher when there was air conditioning in
their dwelling relative to respondents who did not have it. One
respondent in 2 had air conditioning in their dwelling, and these
were window units for 80% (portable: 10%, wall or central system:
10%), generally only one unit located in a central room or the
bedroom.
However, having bedrooms under the roof, living in a dwelling
located within the upper third of the building or in a building
mainly surfaced in brick or dark-coloured materials, were not
related to the prevalence of health effects. Neither was there an
association when there had been no improvement made to the
dwelling's insulation during the respondent’s residence, nor with
the number of people per room or bedroom.
3.1.2. Level of satisfaction with certain characteristics of the dwelling
The temperature inside the dwelling during summer was
perceived as totally satisfactory by 21.3% of the respondents
(Table 2). It was considered completely unsatisfactory by 21.9%,
while close to 60% had a more qualiﬁed opinion. This perception
was independent of the respondents' age group (r¼0.3303).
Compared to the completely satisﬁed, the prevalence of health
effects was higher among the completely dissatisﬁed and rather
dissatisﬁed, but of the same order of magnitude in the rather
satisﬁed.
Overall, a similar observation emerged for the level of satisfac-
tion with the quality of the dwelling's thermal insulation for
dealing with summer temperatures, as well as for the level of
satisfaction for its aeration capacity – the greater the satisfaction,
Table 1
Prevalence of self-reported adverse health effects in very hot and humid weather, based on dwelling/building characteristics (bivariate analysis).
Variables % A (CI B) P C (CI B) OR D (CI B) Pr4Chi-2
Reported by interviewers
Low-rent housing o .0001
 Yes 46.6 (44.8–48.4) 54.1 (51.5–56.7) 1.8 (1.6–2.2)
 No 53.4 (51.6–55.2) 39.0 (36.7–41.4) 1.0
Type of building lived in .0016
 Apartment buildingr4 ﬂoors 56.1 (54.4–57.8) 47.3 (44.9;49.8) 1.4 (1.2–1.8)
 Apartment building44 ﬂoors 27.8 (26.2–29.3) 47.6 (44.3–50.9) 1.4 (1.2–1.7)
 Other 16.1 (14.9–17.4) 38.9 (34.8–43.0) 1.0
Parking adjacent to building 0.0077
 Yes 69.0 (67.5–70.6) 47.7 (45.5;49.8) 1.2 (1.1–1.4)
 No 31.0 (29.4–32.5) 42.5 (39.4;45.6) 1.0
Elevator in building 0.0004
 Yes 37.8 (36.2–39.5) 49.1 (46.3;53.7) 1.1 (1.0–1.3)
 Not relevant 15.4 (14.2–16.6) 38.7 (34.5–42.8) 0.7 (0.6–0.9)
 No 46.8 (45.0–48.5) 45.9 (43.3–48.6) 1.0
Self-reported
Property status o0.0001
 Renter 89.1 (88.0–90.2) 47.6 (45.7–49.5) 1.8 (1.4–2.3)
 Owner 10.9 (9.8–12.0) 33.5 (28.6–38.5) 1.0
Need for maintenance or repairs on the dwelling o0.0001
 At least major repairs 13.7 (12.5–14.9) 53.2 (48.4–58.0) 1.6 (1.3–2.0)
 Maintenance or repairs, but nothing major 32.4 (30.7–34.1) 50.5 (47.4–53.7) 1.5 (1.2–2.0)
 Neither maintenance nor repairs 53.9 (52.1–55.7) 41.3 (39.0;43.7) 1.0
Air conditioning in dwelling o0.0001
 Yes, air conditioners and fans 40.0 (38.3–41.7) 51.9 (49.2–54.7) 2.8 (2.1–3.8)
 Yes, air conditioners only 9.4 (8.4–10.5) 46.4 (40.3–52.4) 2.3 (1.6–3.3)
 No, fans only 43.1 (41.3–44.8) 43.7 (41.0–46.4) 2.0 (1.5–2.8)
 No, neither air conditioners nor fans 7.5 (6.5–8.4) 27.7 (22.0–33.4) 1.0
A %: weighted frequencies in percentages. The percentages have been rounded to the nearest decimal.
B CI: 95% conﬁdence intervals.
C P: prevalence of adverse health effects (moderate or high) during very hot and humid summer conditions.
D OR: odds ratio.
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the less the prevalence of health effects. These two variables were
furthermore strongly correlated with satisfaction with the dwell-
ing's indoor temperature in summer (r40.85). Only this latter
variable, reﬂecting the general perception of the dwelling's ther-
mal conditions in summer, was considered in the multivariate
analysis.
Finally, the self-reported quality of the dwelling's noise insula-
tion (in general) was described as unsatisfactory by 36% of the
respondents. The prevalence of health effects was higher among
these respondents, compared with those who were satisﬁed.
3.1.3. Level of satisfaction with common areas and the building's
management
Close to 75% of the respondents lived in an apartment building
(Table 1). Of this group, 45% were dissatisﬁed with the temperature
of the indoor common areas in summer (Supplementary Table 1).
Compared to the completely satisﬁed, the prevalence of health
effects was higher in the dissatisﬁed respondents. Equivalent results
were observed for dissatisfaction with the aeration capacity of the
indoor common areas in summer, the security of these areas, and
the types of households residing in the building.
3.1.4. Perceptions related to the neighbourhood of residence
The prevalence of health effects varied in relation to the self-
reported sense of insecurity in the neighbourhood (Supplementary
Table 2). It was, respectively, 60% and 54.9% for the respondents
who considered it not at all or slightly safe, but 45.4% and 39.9% for
those who described it as rather or completely safe. The ﬁrst two
groups accounted for 23.4% of the sample. There was no association
with the average self-reported duration (15 years) of residence in
the neighbourhood.
3.1.5. Opinion on the existence of various problems in the
neighbourhood of residence
One respondent in two considered air pollution due to the density
of urban trafﬁc as being a very big or rather big problem in their
neighbourhood, and the rest described it as being a small or not at all a
problem (Table 3). Also, 30.8% were of the opinion that air pollution
due to industry and businesses was problematic (very or somewhat),
while the others considered it a small problem at most. In these
groups of respondents, the prevalence of health effects during very hot
and humid summer conditions was higher than in the comparison
groups, independent of the source of atmospheric pollution.
Table 2
Prevalence of self-reported adverse health effects in very hot and humid weather, and satisfaction with dwelling characteristics (bivariate analysis).
Variables % A (CI B) P C (CI B) OR D (CI B) Pr4Chi-2
Temperature of dwelling in summer o .0001
 Completely dissatisﬁed 21.9 (20.4–23.4) 72.2 (68.8–75.5) 5.4 (4.3–6.8)
 Rather dissatisﬁed 21.5 (20.0–23.0) 49.8 (46.0–53.7) 2.1 (1.7–2.6)
 Rather satisﬁed 35.2 (33.5–37.0) 35.9 (33.0–38.8) 1.2 (.9–1.4)
 Completely satisﬁed 21.3 (19.9–22.8) 32.5 (28.9–36.1) 1.0
Quality of the thermal insulation in summer o .0001
 Completely dissatisﬁed 22.5 (21.1;24.0) 69.2 (65.8–72.6) 5.1 (4.0–6.5)
 Rather dissatisﬁed 24.8 (23.2–26.4) 48.3 (44.7–51.9) 2.1 (1.7–2.7)
 Rather satisﬁed 33.8 (32.1–35.6) 37.5 (34.4–40.6) 1.4 (1.1–1.7)
 Completely satisﬁed 18.8 (17.4–20.2) 30.6 (26.8–34.4) 1.0
Aeration capacity in summer o .0001
 Completely dissatisﬁed 20.2 (18.8;21.6) 68.2 (64.6–71.8) 3.9 (3.1–4.9)
 Rather dissatisﬁed 22.5 (21.0–24.0) 49.3 (45.5–53.1) 1.8 (1.4–2.2)
 Rather satisﬁed 33.2 (31.5–34.9) 38.0 (35.0–41.0) 1.1 (.9–1.4)
 Completely satisﬁed 24.2 (22. 6–25.7) 35.3 (31.8–38.9) 1.0
Quality of noise insulation in general o .0001
 Completely dissatisﬁed 19.9 (18.5–21.3) 56.2 (52.3–69.2) 1.8 (1.4–2.2)
 Rather dissatisﬁed 16.2 (14.9–17.5) 48.4 (43.9–52.3) 1.3 (1.1–1.6)
 Rather satisﬁed 33.2 (31.5–34.9) 42.5 (39.5–45.6) 1.0 (.9–1.2)
 Completely satisﬁed 30.7 (29.1–32.4) 42.1 (38.9–45.2) 1.0
A %: weighted frequencies in percentages. The percentages have been rounded to the nearest decimal.
B CI: 95% conﬁdence intervals.
C P: prevalence of adverse health effects (moderate or high) during very hot and humid summer conditions.
D OR: odds ratio.
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Moreover, the prevalence of heat-related health effects was
higher among the respondents who considered the number of
benches on the main streets and access to public swimming pools
as being a rather or very big problem in their neighbourhood
(Table 3). It was also slightly higher for the respondents who
considered the availability of regular bus service at the desired
time as problematic, as well as access to shopping centres and
medium-sized or large supermarkets (Supplementary Table 3).
3.2. Multivariate analyses
In the multivariate analysis, 10 variables simultaneously
explained the overall prevalence of adverse health effects during
very hot and humid summer conditions (Table 4). They included:
home air conditioning, 2 perceptions related to the dwelling or
neighbourhood, and 6 confounding variables, including 2 demo-
graphic characteristics, 1 socioeconomic characteristic and 4 health
status characteristics (see supplementary Table 4 for bivariate
analyses with confounding variables). The model was not affected
by the season in which the interview took place (p¼0.14).
A rather high correlation (r¼0.63) was observed between
having at least two diagnoses of chronic diseases and a state of
health perceived as fair or poor. In order to take this into account, a
dummy variable was used. This model showed that the prevalence
of health effects was associated with dissatisfaction with the
temperature inside the dwelling in summer, in particular for the
group of respondents that was not at all satisﬁed and those who
perceived a problem of air pollution due to the density of urban
trafﬁc in their neighbourhood. It also revealed that the prevalence
of health effects was slightly related to the air conditioning
at home.
This model is adjusted for the following variables: female sex,
under 65 years of age, and not working because of long-term
disability (disease or handicap). It is also adjusted for chronic
multimorbidity (Z 2 diagnoses) and health perceived as fair or
poor, particularly when these two factors were simultaneously
considered, as well as for stress perceived as high most of the time
Table 3
Prevalence of self-reported adverse health effects in very hot/humid weather, and perceptions of pollution and urban landscape (bivariate analysis).
Variables % A (CI B) P C (CI B) OR D (CI B) Pr4Chi-2
Air pollution due to density of road trafﬁc o0.0001
 Very big problem 20.9 (19.5–22.4) 55.7 (51.8–59.7) 2.1 (1.7–2.6)
 Rather big problem 29.3 (27.7–31.0) 49.8 (46.6–53.1) 1.7 (1.4–2.0)
 Small problem 21.6 (20.1–23.0) 43.7 (39.8–47.5) 1.3 (1.1–1.6)
 Not a problem at all 28.2 (26.6–29.7) 37.2 (33.9–40.4) 1.0
Air pollution due to factories, restaurants, businesses o0.0001
 Very big problem 12.2 (11.0–13.4) 55.7 (50.5–60.9) 1.8 (1.4–2.3)
 Rather big problem 18.6 (17.3–20.0) 51.3 (47.3–55.4) 1.5 (1.2–1.8)
 Small problem 20.6 (19.2–22.1) 47.4 (43.4–51.3) 1.3 (1.1–1.6)
 Not a problem at all 48.6 (46.9–50.3) 41.3 (38.8–43.8) 1.0
Lack of benches on the main streets o0.0001
 Very big problem 25.1 (23.5–26.6) 56.2 (52.8–59.7) 2.1 (1.7–2.5)
 Rather big problem 20.7 (19.3–22.1) 53.7 (49.8–57.6) 1.9 (1.5–2.3)
 Small problem 19.3 (17.9–20.8) 39.3 (35.4–43.3) 1.1 (0.9–1.3)
 Not a problem at all 34.9 (33.2–36.6) 38.3 (35.0–41.1) 1.0
Access to outdoor public swimming pools 0.0009
 Rather or very big problem 10.8 (9.8–11.9) 54.8 (49.8–59.8) 1.5 (1.2–1.9)
 Don’t know 13.7 (12.4–14.9) 47.5 (42.6–52.4) 1.1 (0.9–1.4)
 Small or not a problem at all 75.5 (74.1–77.0) 44.5 (42.5–46.6) 1.0
Access to indoor public swimming pools 0.0003
 Rather or very big problem 10.3 (9.2–11.3) 55.2 (49.7–60.8) 1.6 (1.2–2.0)
 Don’t know 16.2 (15.0–17.6) 49.3 (44.8–53.8) 1.2 (1.0–1.5)
 Small or not a problem at all 73.5 (71.9–75.0) 44.1 (42.0–46.1) 1.0
A %: weighted frequencies in percentages. The percentages have been rounded to the nearest decimal.
B CI: 95% conﬁdence intervals.
C P: prevalence of adverse health effects (moderate or high) during very hot and humid summer conditions.
D OR: odds ratio.
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and the perception of health problems due to the air quality inside
the dwelling. The value of the C index is .75.
This model was applied to the prevalence of effects that prompted
respondents to consult a health professional. Of the 10 previous
variables, 6 remained statistically signiﬁcant, namely dissatisfaction
with the temperature inside the dwelling in summer, a problem of
air pollution in the neighbourhood according to the respondents,
multimorbidity, long-term absence from work due to disability or
sickness, state of health perceived as fair or poor and stress perceived
daily or almost daily. The value of the C index is .80.
4. Discussion
In this study, 46% of respondents reported their health as adversely
affected by very hot and humid summer conditions. While high, this
prevalence reﬂects the reality of very disadvantaged dissemination
areas in the most populated cities of Québec, where a set of conditions
strongly correlated to temperatures and to high thermal discomfort
indices are concentrated (Weisskopf et al., 2002). Also, the phenom-
enon of perceiving health effects associated with thermal conditions is
subjective, as is that of perceiving one’s overall state of health (Statistics
Canada, 2010). It therefore includes various aspects related to a person’s
physical or mental well-being. Not surprisingly, all the adverse heat-
related effects did not result in a health professional being consulted – a
situation that was reported by only 12% of respondents.
Unfortunately, very few other studies address this burden of heat-
related health effects occurring before hospitalisation or death. We
could ﬁnd only one such study, also conducted in 2010 in Canada by
web questionnaire (Alberini et al., 2011). These 1141 households
contacted by Alberini et al. were from ﬁve cities from several
provinces (but not including Québec) presenting various climates
and covering all social classes. Their median household income was
between $60 and 70 K CAD, in sharp contrast to this study. None-
theless, some 21% of their respondents reported feeling unwell
during heat spells and about 10% did consult a health professional;
younger individuals were more likely to report such illnesses.
This is in line with our own results. Indeed, taking into account
that our sample was drawn from the most deprived urban areas,
one would expect poor health status, as socially disadvantaged
people present poorer health and use more health services, in the
context of Canada’s universal health care system (Alter et al.,
Table 4
Variables explaining the prevalence of self-reported adverse health effects in very hot and humid weather (multivariate analysis).
Independent variables (comparison groups) OR A (CI B) C
Health
effectsD
Effects leading to medical
consultationE
Satisfaction with the temperature inside the dwelling, summer
 Not at all satisﬁed (vs rather or completely satisﬁed) 3.5 (2.8–4.3) n 2.2 (1.7–3.1) n
 Rather dissatisﬁed (vs rather or completely satisﬁed) 1.6 (1.3–2.0) n 1.9 (1.3–2.8) †
Air conditioning in the dwelling
 Yes (vs no) 1.4 (1.2–1.7) n n.s.
Rather or very big problem of air pollution due to the density of urban trafﬁc, according to the respondents
 Yes (vs no) 1.4 (1.2–1.7) n 1.9 (1.5–2.5) n
Age
 o65 years (vsZ65 years) 1.5 (1.2–1.8) † n.s.
Sex
 Women (vs men) 1.5 (1.3–1.8) n n.s.
Long-term absence from work (disease or handicap)
 Yes (vs non) 2.0 (1.6–2.6) n 2.3 (1.6–3.4) n
Z 2 Dx state of health perceived as fair or poor
 State of health perceived as fair or poor (vso2 Dx and state of health perceived as better) 1.8 (1.4–2.4) n 2.1 (1.3–3.4) ‡
 Z 2 Dx (vso2 Dx and state of health perceived as better) 1.7 (1.3–2.2) n 3.1 (2.1–4.5) n
 Z 2 Dx and state of health perceived as fair or poor (vso2 Dx and state of health perceived as better) 4.1 (3.2–5.3) n 5.9 (4.3–8.1) n
Rather or extremely stressful days most of the time
 Yes (vs no) 1.5 (1.2–1.8) † 1.6 (1.2–2.1) †
Health problems due to the air quality inside the dwelling, according to the respondents
 Yes (vs no) 2.1 (1.5–2.9) n n.s.
A OR: odds ratio.
B CI: 95% conﬁdence intervals.
C P value associated with the Chi-2 of Wald.
D 2 log of the model (constant and covariables): 69989.523; BETA¼0, p o .0001.
E 2 log of the model (constant and covariables): 35799.448; BETA¼0, p o .0001.
n p r .0001.
† p r .001.
‡ p r .01; n. s. not statistically signiﬁcant, p 4 .01; —: not measured.
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2011). On the continuum from exposure to a diagnosis of heat-
related morbidity, the overall prevalence of perceived heat-
associated health effects could therefore be farther upstream than
the prevalence of such effects leading to a medical consultation.
Longitudinal studies would verify this hypothesis.
Six of the ten indicators which together explained the pre-
valence of health effects during very hot and humid summer
conditions were also associated with the effects that prompted
consultation with a health professional, generally the treating
physician. These indicators were dissatisfaction with the tempera-
ture inside the dwelling in summer, the perception of an air
pollution problem due to trafﬁc density in the neighbourhood and
four confounding factors related to the prior state of health. The
four other variables explaining overall prevalence but not con-
sultation with a physician are being female, being under 65 years
of age, attributing health problems to dwelling indoor air quality
and air conditioning in the dwelling. We review those in detail.
4.1. Dissatisfaction with the temperature inside the dwelling in
summer
Dissatisfaction with the temperature inside the dwelling in
summer was strongly correlated with dissatisfaction with both the
capacity to aerate the dwelling and the quality of its thermal
insulation. The densely occupied territory of very disadvantaged
DAs of large urban centres can have a negative impact on ventilation
by creating a canyon effect where heat accumulates and remains
trapped (Coutts et al., 2010). Moreover, the poor thermal insulation of
older buildings compromise their capacity for controlling indoor
coolness (Giguère, 2009) and represents a risk factor for health
effects during heat waves, along with living in a brick house
(Vandentorren et al., 2006) or on the upper ﬂoors of an apartment
building (McGeehin and Mirabelli, 2001; Semenza et al., 1996). These
conditions are very similar to the ones bringing dissatisfaction with
the temperature inside the dwelling during summer in this study,
regardless of whether the dwelling was air conditioned or not.
Contrary to some authors (Ezratty et al., 2009; Ormandy and
Ezratty, 2012), it does not appear that the elderly people in our
sample had a different perception of the temperature inside their
dwelling than younger individuals. This may be due to the fact that
our study dealt with the most disadvantaged dissemination areas,
where the nuances could be smaller than in the general popula-
tion. However, this remains surprising, mainly due to the physio-
logical changes associated with aging (Basu and Samet, 2002) and
the more frequent presence of various pathologies and consump-
tion of several medications by the elderly (Gauthier et al., 2005).
Despite this, our measure of dissatisfaction with the tempera-
ture inside the dwelling seems to reﬂect the actual indoor thermal
conditions prevailing in summer, and it gives an idea of the overall
measure of the ambient heat exposure in the dwelling. This
indicator is easy to measure and could prove useful in public
health monitoring during very hot and humid summer conditions
in the most vulnerable populations. However, this subjective
metric should be compared to more objective data, while at the
same time considering the age of the respondents.
4.2. Problem of air pollution due to the density of urban trafﬁc in the
neighbourhood of residence
The perception of living in a neighbourhood polluted by the
density of nearby road trafﬁc is plausible in the very disadvantaged
DAs of large urban centres given their likely proximity to large
roads, particularly in Québec (Smargiassi et al., 2006). However, it is
rather unlikely that pollution has a major impact on the association
between temperature and heat-related health effects, because even
in a polluted context, it would primarily be heat that would have an
effect on health (Anderson and Bell, 2009; Goldberg et al., 2011).
The perception of air pollution could however hinder adapta-
tion to heat for people affected by respiratory diseases, for
example (Smargiassi et al., 2006). Furthermore, in a more
insidious way, a polluted neighbourhood caused by the density
of road trafﬁc suggests the presence of vast asphalted surfaces
(boulevards, highways), with little vegetation. These surfaces
absorb a large quantity of heat and promote an increase of several
degrees in ambient temperature (Ca et al., 1998). Thus, the
perception of living in a neighbourhood polluted due to the
density of road trafﬁc could be a variable indicative of higher
exposure to heat around the dwelling, in the absence of appro-
priate adaptations.
4.3. Confounding variables
As reported in the literature, multimorbidity (Z 2 diagnoses) and
state of health perceived as fair or poor clearly illustrate that prior state
of health determines physiological or biological susceptibility to heat,
independently of age (Kovats and Hajat, 2008; Luber and McGeehin,
2008). Multimorbidity refers to prior diagnoses of chronic diseases and
therefore to a clinical measure, although self-reported in the study, and
occurs at all ages, even though it increases with age (Zhan et al., 2001).
Conversely, perceived state of health is a reliable and valid subjective
measure of overall state of health, which would reﬂect certain aspects
of health that are difﬁcult to convey clinically (e.g., ﬁrst stage of a
disease) (Statistics Canada, 2010). Perceived health is thus a relative
measure, and evidence suggests that people assess their health in
relation to their circumstances and expectations, as well as to their
peers, and this can apply to heat exposure and its effects as well.
The addition of thermal stress to already stressed bodies could
therefore result in heat-related health effects and prompt certain
respondents to consult a health professional (Kenny et al., 2010). These
observations are furthermore demonstrated by the results of this
study. A long-term absence from work due to a disease or handicap
could be a sufﬁciently powerful factor to explain their reasons for
consultation in a heat-related context. We could ﬁnd only one similar
report linking heat and mental stress, although coming from the
occupational health sector in Thailand (Alberini et al., 2011; Tawatsupa
et al., 2010). However, neither sex nor age nor air conditioning in the
dwelling was associated with the prevalence of heat-related health
effects having led to consultation of a health professional. In fact, these
factors were not reasons for medical consultation, while pre-existing
health status is one (Alter et al., 2011; Salisbury et al., 2011) which is
also expressed in a context of heat, and also affecting adults younger
than 65 years in large proportions, up to 70% of total care demand in a
Canadian study (Agborsangaya et al., 2012).
4.4. Limitations of the study
The study’s response rate was low, but the response rate by
question, considered another measure of the survey’s response rate
(Statistics Canada, 2011), was very good. No comparative response
rate is available, given that no other survey targeting the same very
disadvantaged DAs in Canada could be found. Based on a previous
qualitative study conducted in two of the sampled cities (Morin et al.,
2010) and taking into account the characteristics of the communities
studied (large urban centres, multiethnic environments, high density,
etc.), it seems that this rate could represent what can realistically be
obtained in the very disadvantaged DAs of Québec's largest cities. It is
also in line with recent trends in response rates in North America
(Choudhury et al., 2012).
For ethical considerations, no information was collected from
people deciding not to participate in the study. In order to make up
for this limitation, certain statistics were compared to census data
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available by DA at the Institut national de santé publique du Québec.
On this basis, it is possible to propose that the data from the study
are comparable (from the standpoint of response rates) to those
of the 2006 Census regarding the percentage of various variables
(e.g., single-parent families among the family households, people
born elsewhere than in Canada, dwellings requiring major repairs,
and single-family homes). The study, however, seemed to under-
estimate the average income per household and overestimate the
average age. These differences could be due to the fact that half of the
sample comes from low-rent housing, considering the design of our
study. Low-rent housing is mainly intended for low-income house-
holds and those experiencing a difﬁcult economic situation. Also half
of the low-rent housing clientele consisted of elderly people.
Furthermore, the average income and age of the group not living
in low-rent housing in the study were comparable to the census data.
Based on this information and despite the low response rate, it is
therefore possible to state that the samples in the study were
generally well representative of the populations living in the visited
DAs, and also of all the very disadvantaged DAs in Québec's nine
largest cities, due to the sampling plan that was adopted in the study.
Moreover, given the use of two distinct methods of recruitment
and the change in procedure during data collection, the people
recruited by telephone and those recruited door-to-door were
compared. The results of these comparisons (presented in a meth-
odological report, see Bélanger et al., 2013) indicate that door-to-door
collection made it possible to increase the representation of the very
disadvantaged DAs and to include people who would not have
otherwise participated (e.g., incorrect contact information). Thus,
the pairing of the two types of recruitment reduced the risk of
selecting only those who were at home and who had only one
stationary telephone. The sampling plan adopted in the study
therefore minimised these selection biases (Fig. 1).
5. Conclusions
By its design of sampling the households in the most disadvan-
taged areas, this study constitutes unique evidence for the adverse
relationships between individual and neighbourhood characteris-
tics and health when it is very hot and humid in summer. It also
documented the prevalence of reported heat-induced adverse
health effects in this context and ten indicators that were associated
with this prevalence. Six of these indicators also explain the
prevalence of effects leading to consultation with a health profes-
sional, generally the treating physician: (1) dissatisfaction with the
temperature inside the dwelling in summer, which refers to the
ambient exposure to heat in the dwelling; (2) a problem of air
pollution due to urban trafﬁc in the neighbourhood of residence,
which could also be a variable indicative of exposure to ambient
heat around the dwelling; (3) and four health indicators, principally
chronic multimorbidity. These last elements demonstrate the
importance of the state of health prior to a heat context.
Based on the C index (0.75 and 0.80, which indicates that the
discriminant capacity of the model was good), it seems that the
range of indicators associated with the prevalence of health effects
could be extended to other categories of variables, such as the
behavioural adaptation strategies deployed in a heat context besides
air conditioning. A multilevel analytic approach could possibly help
address those complex relationships (Diez-Roux, 2008).
To our knowledge, this is the ﬁrst survey to assess the burden of
perceived heat-related health effects in the most deprived neighbour-
hoods of large cities in a developed country. This burden is quite
important, leads to a sizeable amount of related medical consultations,
and shows strong relationships with dwelling and urban characteristics.
Finally, according to our data, it appears that the use of these
simple indicators could identify, among current or future popula-
tion surveys, subgroups at risk of suffering the harmful conse-
quences of oppressive heat, including those at high risk. Public
authorities would thus be better able to identify the groups most
likely to beneﬁt from support services during episodes of signiﬁ-
cant heat, as well as the preventive measures that would con-
tribute to rendering their dwellings and neighbourhood cooler
places during very hot and humid summer conditions. Multi-
morbidity levels, for instance, could serve as a priority-setting
criterion for urban renewal programs, which remain interesting
adaptation tools for the hotter climate to come.
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